Introduction
The monocarbides and mononitrides of the transition metals with NaCl structure have gained increasing interest because of their exceptional physical properties, such as extreme hardness a~d very high melting temperatures. Many representatives of this group are excellent superconductors with transition temperatures up to 18 K. The mechanical and superconducting properties are very much a function of the nonmetal-to-metal ratio.
A considerable contribution to the understanding of the microscopic properties of these materials is made by the determination of the phonon state density and phonon dispersion. The phonon state density can be measured in polycristalline material, while single crystals 3 with a volume of at least 0.1 cm are necessary to determine~~e phonon dispersion.
It has been possible for us so far to produce larger single crystals of carbides, such as TiC /1/, VC /2/ and NbC /3, 4/, by floating zone melting. In the meantime, measurements of the phonon dispersion have been carried out on these crystals /5, 6, 7/.
'Among the superconducting nitride compounds with NaCl structure niobium nitride attracts special intereS,t because. of .its high transition temperature of 16.7 K. This was first measured in 1941 by Justi and co-workers /8/ on specimens which had been obtained by diffusion of nitrogen into sintered niobium bodies at high temperatures. Growing niobium nitride single crystals with NaCl structure turned out to be extremely difficult, because this phase can be produced only in a very narrow range of temperatures, pressures and con~entrations (see phase diagrarn in the appendix, page 16). For this reason, it has not been possible so far to acquire larger niobium nitride single crystals for measurement purposes. For studies of the phonon dispersion in niobium nitride by inelastic neutron scattering we were compelled to start our own prograrn of preparing suitable single crystals.
Experimental Studies
The possibil~ties at hand for the preparation of NbN single crystals were found in the following procedures: 
2.A
These experiments were carried out in our single crystal drawing facility of the EKZ 300/100 type made by Leybold Heraeus /16/. The radio frequency (RF) generator installed, which was manufactured by Hüttinger /17/, supplies a maximum power of approx. 40 kW in the specimen with a frequency of approx. 250 kHz. The system allows work to be perforrned under inert gas up to a maximum overpressure of 20 bar. The facility is shown in Fig. 1 . Chemical analysis indicated that the nitrogen/niobium ratio in the rods varied within broad limits, between 0.68 and 0.84 (Table 1 ). The material was molten by floating zone drawing. For this purpose, the rod was clamped in a support on both ends and moved through theiadio frequency coil vertically downward at a rate of 8 mm/h. The two drawing shafts rotated in opposite senses. This was made für good mixing of th~melting zone, uniform heating of the surface and almost cylindrical growth. For structural analysis the zoned rads were examined On a neutron diffractometer ah the FR2 reactor in Karlsruhe.
3 The crystalline regions with volumes > 1 cm were cut of the zonedrawn rod (Fig. 5 ). Fig. 6 shows the cross section of a zoned niobium nitride rod. The lamellar multidomain structure is clearly seen which From the phase diagram it is evident that a higher~ratio was not to be expected because of the high equilibrium nitrogen gas pressure at the melting point of NbN. For this reason, this method of preparation was only able to prepare low-nitrogen multiphase, multidomain NbN 1 crystals. -x Raising the nitrogen gas pressure in the recipient above the equilibrium nitrogen gas pressure of NbN at the melting point will probably lead to success. However, this is not possible in our facility (p 20 bar). In the cooling-process also the phase transformation from max Ö -NbN into y + E -NbN must be taken into account. This transformation can be avoided by rapid cooling of the sampie from above some 1400 o C. However, in zone melting a relatively slow cooling process occurs, corresponding to the rate of drawing, which gives more chances to induce a phase transformation.
B
For this reason, we continued our experiments using a technique described by Rögener as early as in 1952 /9/. Rögener obtained niobium nitride wire sampies by nitrogen diffusion into niobium wire.
In the process as modified by us, niobium single crystal sampies were nitrided. These sampies were separated from a zone molten Nb single crystal rod with some 9 mm diameter. As a facility for sampie nitriding we used an autoclave made by Degussa /20/. This allowed experiments to be conducted up to a maximum gas pressure of 100 bar.
However, the heater of this system was a graphite resistance heating element.: In this way, the test atmosphere always contained a certain amount of carbon, with the consequence that the specimens absorbed not only nitrogen but also a small fraction of carbon.
This test facility is certainly able to raise the nitrogen fraction of carbonitrides. However, the heater was not suitable for the preparation of pure nitrides.
-7 - In a first series of experiments the niobium specimens were suspended from tungsten wires and directly heated by means of RF (Fig. 7) . -aNitriding of the specimens was stopped by simple cut-off of the generator power after 114 to 434 hours. As a consequence, the specimens cooled very quickly because of the small sample~~ze and the relatively high nitrogen pressure of 20 bar. This was to prevent conversion of the o-NbN high temperature phase into the y + E -low temperature phases /14/.
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Some of the Nb-specimens were cut like small disks (diameter 9mm, thickness between 2 and 3 mm), some of them were cylinders 9 mm in diameter and 10 to 15 wn long which were axially perforated to reduce the diffusion length.
At a given nitrogen pressure, according to the phase diagram, the nitrogen fraction that can be achieved ln the material is-the higher, the lower the temperature setting iso However, a reduction of temperature inhibits the diffusion of N into Nb, which greatly prolongs the duration of the experiment. Since even at a temperature of approx. 1800 0 C and a thickness of the specimen disk of only 3 mm nitriding had to be continued for several weeks to avoid a major nitrogen concentration gradient, lower temperatures than l800 0 C would have necessitated intolerably long durations of the experiment.
Also enlargement of the dimensions of the specimen greatly prolongs the diffusion time. For this reason, care was taken to ensure that the diffusion length did not exceed 1.5 mm for all points of the specimen. Table 2 is a survey of the most important data of these experiments.
Since it turned out to be very costly to incur all the experimental expense and the relatively long experimental time for only one specimen at a time, direct coupling of RF to the specimen was excluded. We selected a crucible of 'tungsten metal heated by RF. This crucible was able to accomodate several niobium specimens of different sizes which could then be heated indirectly and nitrided at the same time. Fig. 8 shows the arrangement.
The crucible material was tungsten, because it does not react with nitrogen up to very high temperatures /21/. This arrangement at the same time has the advantage that both oxygen and water vapor residues of the gas and from the wall of the recipient, respectively, will react with the tungsten crucible above approx. 600 0 C /21/ and in this way protect the niobium crystals contained in the crucible. The chemical analysis with respect to the nitrogen was carried out by the vacuum hot extraction method. In the most adverse case it'will work to an accuracy of.:!:. 0.2 wt. % for an assumed bulk nitrogen fraction.of 11 wt. %.
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The specimens were examined quantitatively also for oxygen, carbon and partly for hydrogen. Table3 shows a few representative data of some selected specimens.
In some specimens no chemical analysis was carried out because all the volume was needed for measuring purposes. In those cases it was possible to determine the lattice constant and the superconducting transition temperature from which the NJNb ratio could also be determined by means of data found in the literature /22/.
Conclusion
Within the limits of our equipment various methods were applied to prepare niobium nitride single crystals. This method of fabrication can probably be applied also to prepare other transition metal nitrides. Tab. 4 Conversion table
